GST Polymorphisms and Cardiovascular Diseases
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Diinyada 6lim sebepleri arasinda kardiyovaskiiler hastaliklar hala ilk sirada
yer almaktadir. Kardiyovaskiiler hastaliklarin patogenezinde cevresel ve ge-
netik faktorler birlikte rol oynamaktadir. Kardiyovaskiler hastaliklarin ortaya
cikisinda etkili olabilecegi 6ne siiriilen genetik degisimlerden birisi de son yil-
larda sik¢a arastirilan Glutatyon S-Transferaz (GST) ailesidir. Antioksidan sis-
tem enzimlerinden olan GST gen polimorfizmlerinin, kardiyovaskiiler hasta-
liklarin risk faktorleri arasinda sayilan etmenlerin her biriyle iligkisi bulunmak-
tadir. Sonug olarak séyleyebiliriz ki; gerek bu risk faktérleri tizerinden gerek-
se direk olarak kardiyovaskiiler hastaliklarin olusumunda GST genlerinin poli-

morfizmleri etkili olmaktadir.
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Cardiovascular diseases still ranks in first place among causes of death
around the world. Environmental and genetic factors both play roles in the
pathogenesis of cardiovascular diseases. One of the genetic changes that
are claimed to contribute to the occurrence of cardiovascular diseases is
the Glutathione S-Transferase (GST) family that has been intensely exam-
ined recently. GST gene polymorphisms, which are among antioxidant system
enzymes, have a relationship with each of the factors that are considered
among the risk factors for cardiovascular diseases. Consequently, it can be
said that the polymorphisms of GST genes are effective both in the risk fac-

tors of cardiovascular diseases and directly in cardiovascular diseases.
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Introduction

Cardiovascular diseases still rank in first place among the
causes of death around the world [1]. Environmental and ge-
netic factors play roles in the pathogenesis of cardiovascular
diseases [2]. One of the genetic changes that is claimed to con-
tribute to the occurrence of cardiovascular diseases is the Glu-
tathione S-Transferase (GST) family which has been intensely
examined recently. The GST family consists of many genes, and
5 of them have been defined in humans. The polymorphisms in
m, t, and p classes of GSTs were assessed in many diseases,
and their relations were explained. GST was frequently exam-
ined in diseases in which environmental xenobiotics are thought
to have an impact, especially cancer, cardiologic diseases, and
dermatologic diseases. [3-5].

Many risk factors that play a role in the pathogenesis of cardio-
vascular diseases were defined, but the failure to carefully take
these known risk factors under control to improve the outcome
of the disease or to prevent its advancement shows that these
risk factors are not the only ones responsible for the high in-
cidence of cardiovascular diseases. Among the risk factors for
cardiovascular diseases are genetics, age, family history, hyper-
tension, hypercholesterolemia, low HDL-cholesterol, diabetes,
obesity, stress, low physical activity, menopause, consumption
of cigarettes and alcohol, and xenobiotic exposure [2, 6-9]. It is
indicated that GST genes are the genes that are responsible for
the formation of hypercholesterolemia, hypertension, cigarette,
alcohol, xenobiotics, and cardiovascular diseases. It is known
that many different pathways are effective in the pathomecha-
nism of hypertension. Firstly, the defects in the genes that are
responsible for ensuring electrolyte balance [10-14], the de-
fects that play a role in vascular structure and function [15],
and the defects in the genes that are related to oxidative stress
may affect hypertension. As it is known, GSTs detoxify certain
compounds that are of endogenous and exogenous origin. Es-
pecially the GSTM class among GST enzymes is responsible for
the detoxification of free radicals. M-class genes are protective
against oxidative stress, and it was indicated that decreasing
GSTM1 expression is related to hypertension [16-18]. GST en-
zymes protect cell types of different origins, such as smooth
muscle cells and endothelial cells, against oxidative damage
[19-21]. Different studies have examined the different existence
of GST M1 and T1 genes with hypertension. In the study carried
out by Marinho et al., it has been indicated that GSTT1 deletion
may be a protective factor for hypertension. No significant dif-
ference has been found between GSTM1 genotype frequency
and hypertension. However, the frequency of GST M1/T1 null
genotype is significantly low in the group with hypertension
when compared to the control group (78% against 19%). In the
study, it has been also observed that individuals with GST M1/
T1 non-null genotype are the candidates for hypertension dis-
ease, and it is a protective mutation for the development of
cardiovascular disease [22].

In the study carried out by Saadat et al,, the effect of GST T1
and M1 gene polymorphisms has been examined in the regula-
tion of blood pressure of the individuals who are exposed to
natural source gases containing sulfur compounds. In the study
where it is observed that blood pressures vary in different ge-
notypic combinations, systolic blood pressure decreased signifi-
cantly in GSTM1 null and GSTT1 positive individuals, and dia-
stolic blood pressure increased significantly in GSTM1 positive
and GSTT1 null individuals. The results have made us think that
the polymorphism changes of GSTs play a physiological role in

the regulation of blood pressure in individuals who are exposed
to natural gases that contain sulfur [23].

Another study showing the relationship between hypertension
and GST has been carried out by Capoluongo et al. This study
shows that individuals with GSTM1-null genotype are in the
significantly high-risk group in terms of hypertension. Because
there was no difference in the study between the individuals
in the case group and the control group in terms of smoking
(no difference of detoxification of polycyclic aromatic hydrocar-
bons) or in the state of consuming alcohol and kidney functions
(similar urea, creatine values), this excludes those factors from
being the reasons for hypertension. In the study, it is indicated
that the main cause of the effect on blood pressure is the anti-
oxidant effect of GSTs [24].

The levels of cholesterol and triglyceride, being another impor-
tant factor in the occurrence of cardiovascular diseases, and
the connection between GST enzyme gene polymorphisms and
enzyme levels have been indicated in the literature [25-26]. In
a study carried out by Gannage-Yared et al., glutathione and
Glutathione S-Transferase were measured spectrophotometri-
cally, and it was observed that the blood cholesterol levels of
the amount of leukocyte and Glutathione S-Transferase enzyme
increase significantly by gender and body mass index [25].

In the study carried out by Maciel et al, it has been expressed
that there is a difference between GST polymorphism and tri-
glyceride and HDL-cholesterol [26]. 1577 individuals from the
general population and 871 individuals to whom coronary
angiography was applied were taken as two different study
groups. In the study, it was found that the ratio of triglycer-
ide (TQ), HDL-cholesterol, and triglyceride/HDL is significantly
related to GSTM1,T1 null genotype (double deleted genotype)
in the general population. These results were confirmed with
a second population to which coronary angiography was ap-
plied, independently from the first study group. Furthermore, it
was also shown that types of coronary artery disease are also
associated with GST genotype. The relevant study shows that
the existence of GSTM1, T1 genes null deletion is associated
with hypertriglyceridemia and low HDL-cholesterol level. In the
light of these findings, it was thought that there may be a con-
nection between lipid metabolism and GSY balance, and it was
explained as follows: that GSTs have Peroxisome Proliferator-
Activated Receptor (PPAR) preventing effect may be associated
with reverse cholesterol transport system. PPARs are defined as
a group of nuclear proteins in the field of Molecular Biology. It
has been found that PPARs act as transcription factors regulat-
ing gene expression. Their main roles have been determined in
the regulation of cell differentiation and development, carbo-
hydrate, protein and lipid metabolism, and also tumour forma-
tion. Retinoid X Receptor (RXR) becomes dimerized with PPAR
and starts the transcription by connecting to a suitable part of
the target gene on DNA. 15-Deoxy-A [12,14] is among the final
products of prostaglandin J2 (15-d-PCJ2), prostaglandin D2 me-
tabolism, and its biological effect is to mediate PPAR .

In the studies, it has been observed that the cytotoxicity of
15-d-PC)2 and the activation of PPAR y-dependent transcrip-
tion decrease. This decrease happens with the Glutathione con-
jugates of 15-d-PGJ2 and 15-d-PGJ2-SG (oxidized form) and the
expressions of MRP ensuring its transportation outside the cell.
GSTs that catalyze glutathione conjugates have no effect on
15-d-PGJ2 cytotoxicity alone or in combination with MRP1.
Nevertheless, PPARy that is 15-d-PGJ2-dependent activator
inhibits PPARy-responsible target gene. The level of this inhibi-
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tion is in direct proportion to the level of GST expression.

The prevention of PPAR activation leads to the increase in TG
level, and it is expected that HDL-cholesterol level decreases
with reverse cholesterol transport system [27].

As also indicated in the study in question, the fact that GSTs do
not have both alleles (null deletion) is associated with hyper-
triglyceridemia and low level of HDL-cholesterol. It is possible
that this connection affects the risk of coronary artery disease.
Diabetes, which is regarded as another risk factor in the oc-
currence of cardiovascular diseases, has been associated with
GST. In a study carried out in the Chinese population by Wang et
al., whether there is a connection between GSTM1, T1 and qui-
none oxidoreductase 1 (NQO1) gene polymorphisms and type
2 diabetes has been assessed, and it has been found that T2
diabetes risk has statistically significantly decreased 0,49 times
when compared to GSTT1 positive individuals. Starting from
here, it has been put forward that the GSTT1 gene may be a
candidate gene in the development of T2 in the Chinese popula-
tion [28]. Also, in a study carried out in India, it is indicated that
different combinations of GST gene polymorphisms affect T2
diabetes risk [29].

Connections between GSTM1 and T1 gene polymorphisms and
the possibility of coronary artery disease have been defined in
previous studies [9, 30-32].

Conclusion

There is a constant free radical formation in the organism as
a result of the effect of oxygen in metabolic pathways, and the
exposure to radiation, drugs, and harmful chemical substances.
These free radicals create oxidative stress. Antioxidant system
enzymes ensure the protection of the balance in the organism
and the maintenance of life by deactivating these free radicals.
Oxidative damage, which is formed as a result of the increase
in oxidative stress and the insufficiency of the antioxidant sys-
tem against this situation, exists in the formation of more than
100 diseases, including cardiovascular diseases. Free radicals
deteriorate cell structure by damaging lipids, proteins, and
nucleic acids because of their reactive structure. The organ-
ism has many proteins that bind enzymes such as Superoxide
dismutase (SOD), Glutathione Peroxidase (GSH-Px), Glutathione
S-Transferase (GST), Catalase (CAT), Glutathione Reductase,
vitamins, and metal ions that act as an antioxidant system
component in the organism and deactivate free radicals [33].
GST gene polymorphisms, which are among antioxidant system
enzymes, have a relationship with each of the factors that are
considered among the risk factors for cardiovascular diseases.
Consequently, it can be said that the polymorphisms of GST
genes are effective both in the risk factors of cardiovascular
diseases and directly in cardiovascular diseases.

Competing interests
The authors declare that they have no competing interests.

References

1. Farmakis D, Stafylas P, Giamouzis G, Maniadakis N, Parissis J. The medical and
socioeconomic burden of heart failure: A comparative delineation with cancer.
International Journal of Cardiology 2016;203:279-81.

2. The Look AHEAD Research Group. Prospective association of a genetic risk
score and lifestyle intervention with cardiovascular morbidity and mortality
among individuals with type 2 diabetes: the Look AHEAD randomised controlled
trial. Diabetologia 2015;58:1803-13.

3. Hsu LI, Chen WP, Yang TY, Chen YH, Lo WC, Wang YH, et al. Genetic polymor-
phisms in glutathione S-transferase (GST) superfamily and risk of arsenic-in-
duced urothelial carcinoma in residents of southwestern Taiwan. ) Biomed Sci
2011;18:51.

4. Singh N, Sinha N, Kumar S, Pandey CM, Agrawal S. Glutathione S-transferase

gene polymorphism as a susceptibility factor for acute myocardial infarction and
smoking in the North Indian population. Cardiology 2011;118(1):16-21.

5. Phulukdaree A, Khan S, Moodley D, Chuturgoon AA. GST polymorphisms and
early onset coronary artery disease in young South African Indians. S Afr Med )
2012;102(7):627-30.

6. Sing CF, Haviland MB, Reilly SL. Genetic architecture of common multifactorial
diseases. Ciba Found. Symp 1996;197:211-29.

7. De Flora S, lzzotti A, Walsh D, Degan P, Petrilli GL, Newtas ). Molecular epi-
demiyology of atherosclerosis. FASEB J 1997;11:1021-31.

8. Martinet W, Knaapen MW, De Mayerv GR, Herman AG, Kockx MM. Elevated lev-
els of oxidative DNA damage and DNA repair enzymes in human atherosclerotic
plaques. Circulation 2002;106:927-32.

9. Masetti S, Botto N, Manfredi S, Colombo MG, Rizza A, Vassalle C, et al. Interac-
tive effect of the GST genes and cigarette smoking on occurrence and severity of
coronary artery risk. ] Mol Med 2003;81:488-94.

10. Tobin MD, Tomaszewski M, Braund PS, Hajat C, Raleigh SM, Palmer TM, et al.
Common variants in genes underlying monogenic hypertension and hypotension
and blood pressure in the general population. Hypertension 2008;51:1658-64.
11. Newhouse SJ, Wallace C, Dobson R, Mein C, Pembroke J, Farrall M, et al. Hap-
lotypes of theWNK1 gene associate with blood pressure variation in a severely
hypertensive population from the British Genetics of Hypertension study. Hum
Mol Genet 2005;14:1805-14.

12. Tobin MD, Raleigh SM, Newhouse S, Braund P, Bodycote C, Ogleby J, et al.
Association of WNKT1 gene polymorphisms and haplotypes with ambulatory blood
pressure in the general population. Circulation 2005;112:3423-9.

13. Sayed-Tabatabaei FA, Oostra BA, Isaacs A, van Duijn CM, Witteman JC. ACE
polymorphisms. Circ Res 2006;98:1123-33.

14. Staessen JA, Bianchi G. Adducin and hypertension. Pharmacogenomics
2005;6:665-669.

15. Graham D, McBride MW, Gaasenbeek M, et al. Candidate genes that determine
response to salt in the stroke-prone spontaneously hypertensive rat: congenic
analysis. Hypertension 2007;50:1134-41.

16. Aitman T), Critser JK, Cuppen E, Dominiczak A, Fernandez-Suarez XM, Flint J,
Gauguier D, et al. Progress and prospects in rat genetics: a community view. Nat
Genet 2008;40:516-22.

17. McBride MW, Carr FJ, Graham D, Anderson NH, Clark JS, Lee WK, et al. Microar-
ray analysis of rat chromosome 2 congenic strains. Hypertension 2003;41:847-
53.

18. McBride MW, Brosnan MJ, Mathers J, McLellan LI, Miller WH, Graham D, et al.
Reduction of Gstm1 expression in the stroke-prone spontaneously hypertension
rat contributes to increased oxidative stress. Hypertension 2005;45:786-92.

19. Kerr S, Brosnan M), Mcintyre M, Reid JL, Dominiczak AF, Hamilton CA. Super-
oxide anion production is increased in a model of genetic hypertension: the role of
endothelial nitric oxide synthase and superoxide dismutase isoforms. Hyperten-
sion 1999;33:1353-8.

20. Hamilton CA, Brosnan MJ, McIntyre M, Graham D, Dominiczak AF. Superoxide
excess in hypertension and ageing: a common cause of endothelial dysfunction.
Hypertension 2001;37:529-34.

21. Miller EA, Pankow JS, Millikan RC, Bray MS, Ballantyne CM, Bell DA, et al.
Glutathione S-transferase genotypes, smoking and their association with markers
inflamation , hemostasis and endothelial function: the atherosclerosis risk in com-
munities (ARIC) study. Atherosclerosis 2003;171:256-72.

22. Marinho C, Alho I, Arduino D, Falcao LM, Nogueira JB, Bicho M. GST M1/T1
and MTHFR polymorphisms as risk factors for hypertension. Biochemical and Bio-
physical Research Communications 2007;353:344-50.

23. Saadat M, Bahaoddini A, Mohabatkar H. Polimorphisms of glutathione S-
transferase M1 and T1 modulate blood pressure of individuals chronically ex-
posed to natural sour gas containing sulfur compounds. Biochemical and Bio-
physical Research Communications 2004;316:749-52.

24. Capoluongo E, Onder G, Concolino P, Russo A, Santonocito C, Bernabei R, et al.
GSTM1-null polymorphism as possible risk marker for hypertension: Results from
the aging and longevity study in the Sirente Geographic Area (iISIRENTE study).
Clinica Chimica Acta 2009;399:92-6.

25. Gannagé-Yared MH, Khneisser |, Salem N, Gouyette A, Loiselet J, Halaby G, et
al. Blood and leukocyte glutathione and glutathione S-transferase: relationship to
cholesterolemia in healthy volunteers. Ann Biol Clin 1998;56(3):321-7.

26. Macial SS, Pereira AC, Silva GJJ, Rodrigues MV, Mill JG, Krieger JE. Association
between glutathione S-transferase polymorphisms and triglycerides and HDL-
cholesterol. Atherosclerosis 2009;206:204-8.

27. Davidson MH. Mechanisms for the hypotriglyceridemic effect of marine ome-
ga-3 fatty acids. Am J Cardiol 2006;98:27-33.

28. Wang G, Zhang L, Li Q. Genetic polymorphisms of GSTT1, GSTM1, and NQO1
genes and diabetes mellitus risk in Chinese population. Biochemical and Biophysi-
cal Research Communications 2006;341:310-3.

29. Zaki MA, Moghazy TF, El-Deeb MMK, Mohamed AM, Mohamed NAA. Glutathi-
one S-transferase M1, T1 and P1 gene polymorphisms and the risk of developing
type 2 diabetes mellitus in Egyptian diabetic patients with and without diabetic
vascular complications. Alexandria Journal of Medicine 2015;51(1):73-82.

30. Abu-Amero KK, Al-Boudari OM, Mohamed GH, Dzimiri N. T null and M null
genotypes of the glutathione S-transferase gene are risk factor for CAD indepen-
dent of smoking. BMC Med Genet 2006;7:38.

31. Manfredi S, Federici C, Picano E, Botto N, Rizza A, Andreassi MG. GSTM1,
GSTT1

Journal of Clinical and Analytical Medicine | 751



GST Polymorphisms and Cardiovascular Diseases

and CYP1A1 detoxification gene polymorphisms and susceptibility to smoking
related

coronary artery disease: a case-only study. Mutat Res 2007;621:106-12.

32. Tamer L, Ercan B, Camsari A, et al. Glutathione S transferase gene polymor-
phism as a susceptibility factor in smoking-related coronary artery disease. Basic
Res Cardiol 2004;99:223-9.

33. Savas HB, Yiksel O, Sanlidere Aloglu H, Oner Z, Demir Ozer E, Giiltekin F.
Effects of food based yeast supplementation on oxidative stress in rats fed by
high cholesterol diet. Cell Membranes and Free Radical Research 5:3 2013 252-5.

How to cite this article:
Yigit A, Savas HB. Glutathione S-Transferase Enzyme Gene Polymorphisms and
Cardiovascular Diseases. ) Clin Anal Med 2016;7(5): 749-52.

752 | Journal of Clinical and Analytical Medicine



